Abstract-The aim of this paper is to extend the VIKOR method for dynamic intuitionistic fuzzy multiple attribute decision making (DIF-MADM). Two new aggregation operators called dynamic intuitionistic fuzzy weighted geometric (DIFWG) operator and uncertain dynamic intuitionistic fuzzy weighted geometric (UDIFWG) operator are presented. A procedure based on the DIFWG operator is developed to solve the dynamic intuitionistic fuzzy multiple attribute decision making (DIF-MADM) problems where all the decision information about values takes the form of intuitionistic fuzzy numbers collected at different periods, a procedure based on the UDIFWG operator is developed for DIF-MADM under interval uncertainty in which all the decision information about attribute values takes the form of interval-valued intuitionistic fuzzy numbers collected at different periods. Finally, a numerical example is used to illustrate the applicability of the proposed approach.
I. INTRODUCTION
M ULTIPLE Attribute Decision Making (MADM) problems (i.e., decision making problems considering several attributes) are widely spread in real life decision situation. A MADM problem is to find a best compromise solution among all feasible alternatives assessed on the basis of multiple attributes, both quantitative and qualitative. The VIKOR (VlseKriterijuska Optimizacija I Komoromisno Resenje) method, developed by Opricovic [1] , was developed for multiple attribute optimizations of complex systems. The VIKOR method is a compromise ranking approach for multiple criteria decision making (MCDM) problems. It determines a compromise solution, providing a maximum utility for the majority and a minimum regret for the opponent. There exists a large amount of literature involving VIKOR theory and application. For example, Opricovic and Tzeng [2] suggested using fuzzy logic for the VIKOR method. Tzeng et al. [3] used and compared the VIKOR and TOPSIS methods in solving a public transportation problem. Büyüközkan and Ruan [4] extended the VIKOR method to effectively solve software evaluation problem under a fuzzy environment. Opricovic and Tzeng [5] extended the VIKOR method with a stability analysis determining the weight stability intervals and with trade-offs analysis and Jin Han Park and Hyun Ju Cho are with the Department of Applied Mathematics, Pukyong National University, Busan 608-737, Korea (email: jihpark@pknu.ac.kr).
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compared the extended VIKOR method with three multicriteria decision making methods: TOPSIS, PROMETHEE, and ELECTRE. Sayadi et al. [6] extended the VIKOR method to MADM problem with interval numbers. Chang and Hsu [7] showed that the VIKOR method is advantageous for evaluating the relative environmental vulnerability of subdivisions in a watershed. According to a comparative analysis of VIKOR and TOPSIS written by Opricovic and Tzeng [8] , the VIKOR and TOPSIS methods, respectively, use different aggregation functions and different normalization methods. The TOPSIS method is suitable for cautious decision-maker(s), because the decision-maker(s) might like to have a decision which not only makes as much profit as possible, but also avoids as much risk as possible, whereas the VIKOR method is suitable for those situations in which the decision-maker wants to have maximum profit and the risk of decisions is less important for him. All these studies are focused on the decision making problems where all original decision information are provided at the same period. However, in many decision areas, such as multi-period investment decision making, medical diagnosis, personnel dynamic examination, etc., the original decision information are usually collected at different periods. Thus, it is necessary to develop some approaches to dealing with these issues. Recently, Xu and Yager [9] introduced the notion of intuitionistic fuzzy variable and developed the dynamic intuitionistic fuzzy weighted averaging (DIFWA) operator. Based on the DIFWA operator, they proposed a practical method for dynamic intuitionistic fuzzy multiattribute decision making (DIF-MADM) problem. In this paper, we shall also study the DIF-MADM problem. To do that, we first develop an aggregation operator called dynamic intuitionistic fuzzy weighted geometric (DIFWG) operator. Then, we develop an approach to solve the DIF-MADM problem. Furthermore, we extend the developed operator and approach to deal with the situations where all attribute values are expressed in interval-valued intuitionistic fuzzy numbers collected at different periods. Finally, a numerical example is used to illustrate the applicability of the proposed approach.
II. PRELIMINARIES
Let us first some basic concepts related to IFSs [10] . Definition 1: Let X be a fixed set, a fuzzy set F in X is given by Zadeh [11] as follows:
where µ F : X → [0, 1] denotes the membership function of the set F .
Definition 2: Let X be a fixed set, an IFS A in X is given by Atanassov [10] as an object having the following form: 
is called the degree of indeterminacy of x to A, or called the degree of hesitancy of x to A. Especially, if π A (x) = 0 for all x ∈ X, then the IFS is reduced to a fuzzy set. Clearly, a prominent characteristic of IFS is that it assigns to each element a membership degree, a non-membership degree and hesitation degree, and thus, IFS constitutes an extension of Zadeh's fuzzy set which only assigns to each element a membership degree.
For convenience of computation, Xu and Yager [12] called α = (µ α , ν α , π α ) an intuitionistic fuzzy number (IFN), where
For an IFN α = (µ α , ν α , π α ), if the value µ α gets bigger and the value ν α gets smaller, then the IFN α gets greater, and thus from (4), we know that α + = (1, 0, 0) and α − = (0, 1, 0) are the largest and smallest IFNs, respectively.
Based on the score function and the accuracy function, we define a method to compare two IFNs as follows:
Definition 3: Let α 1 = (µ α1 , ν α1 , π α1 ) and α 2 = (µ α2 , ν α2 , π α2 ) be two IFNs, s(α 1 ) = µ α1 − ν α1 and s(α 2 ) = µ α2 − ν α2 be the score of α 1 and α 2 , respectively, and h(α 1 ) = µ α1 + ν α1 and h(α 2 ) = µ α2 + ν α2 be the accuracy degree ofã 1 andã 2 , respectively, then:
, then α 1 and α 2 represent the same information, i.e., µ α1 = µ α2 , ν α1 = ν α2 , and
denoted by α 1 < α 2 . Szmidt and Kacprzyk [13] defined the Hamming distance and Euclidean distance between IFSs. Similarly, we define Hamming distance between two IFNs as follows:
Definition 4: Let α 1 = (µ α1 , ν α1 , π α1 ) and α 2 = (µ α2 , ν α2 , π α2 ) be IFNs, then
is called the Hamming distance between α 1 and α 2 .
III. DYNAMIC INTUITIONISTIC FUZZY WEIGHTED GEOMETRIC OPERATOR
Information aggregation is an essential process of gathering relevant information from multiple sources and thus is an important research topic in the field of information fusion. Atanassov [14] , [15] defined some basic operations and relations over IFSs. De et al. [16] , [17] developed some new operations such concentration, dilation and normalization of IFSs. Xu and Yager [12] developed some geometric operators to aggregate intuitionistic fuzzy information. All these operations, relations and operators can only be used to deal with time independent arguments. However, if time is taken into account, for example, the argument information may be collected at different periods, then the aggregation operators and their associated weights should not be kept constant. As a result, based on (4), Xu and Yager [9] defined the notion of intuitionistic fuzzy variable.
Definition 5: Let t be a time variable, then we call α(t) = (µ α(t) , ν α(t) , π α(t) ) an intuitionistic fuzzy variable, where
For an intuitionistic fuzzy variable
indicate p IFNs collected at p different periods. Below we introduce some operations related to IFNs.
From Definition 6, the operation results are also IFNs and we can get the following results:
T be the weight vector of periods t k (k = 1, 2, . . . , p), then we call
a dynamic intuitionistic fuzzy weighted geometric (DIFWG) operator.
By Definition 6, (7) can be rewritten as follows:
where λ(t k ) ≥ 0, k = 1, 2, . . . , p, and p k=1 λ(t k ) = 1. Based on Definition 7, we have the following properties.
T is the weight vector of the periods t k (k = 1, 2, . . . , p) with λ(t k ) ≥ 0 and p k=1 λ(t k ) = 1; then we have the following.
(2) (Boundedness):
where
IV. AN APPROACH TO DIF-MADM
In this section, we consider the DIF-MADM problems where all attribute values are expressed in intuitionistic fuzzy numbers, which are collected at different periods.
Let X = {x 1 , x 2 , . . . , x n } be a discrete set of n feasible alternatives, and let G = {G 1 , G 2 , . . . , G m } be a finite set of m attributes, whose weight vector is w = (w 1 , w 2 , . . . , w m )
T , where
is attribute value, denoted by an IFN, µ rij (t k ) indicates the degree that the alternative x i should satisfy the attribute G j at period t k , ν rij (t k ) indicates the degree that the alternative x i should not satisfy the attribute G j at period t k , π rij (t k ) indicates the degree of indeterminacy of the alternative x i to the attribute G j , such that
Based on the above decision information, in what follows, we propose a practical procedure to rank and select the most alternative(s):
Step 1. Utilize the DIFWG operator:
to aggregate all the intuitionistic fuzzy decision matrices R(t k ) = (r ij (t k )) n×m (k = 1, 2, . . . , p) into a complex intuitionistic fuzzy decision matrix R = (r ij ) n×m , where
Furthermore, for convenience of depiction, we denote the alternatives
Step 3. Utilize (5) to compute the values S i and R i for each alternative x i (i = 1, 2, . . . n), which represent the average and the worst group scores of the alternatives x i , respectively, with the relations • The average score S i :
• The worst group score R i
= max 1≤j≤m w j (|µ
Step 4. Compute the Q i values for each alternative x i (i = 1, 2, . . . , n) with the relation
and v ∈ [0, 1] is the weight of decision making strategy of "the majority of attribute" (or "the maximum group utility").
The compromise can be selected with "voting by majority" (v > 0.5), with "consensus" (v = 0.5), with "veto" (v < 0.5).
Step 5. Rank the alternatives by sorting each S, R and Q values in an decreasing order. The result is a set of three ranking lists denoted as
Step 6. Propose the alternative x j1 corresponding to Q [1] (the smallest among Q j values) as compromise solution if C1. The alternative x j1 has an acceptable advantage; in other words,
where m is the number of alternatives. C2. The alternative x j1 is stable within the decision making process; in other words, it is also the best ranked in S [·] or R [·] . If one of the above conditions is not satisfied, then a set of compromise solutions is proposed, which consists of:
• Alternatives x j1 and x j2 where Q j2 = Q [2] if only the condition C2 is not satisfied, or • Alternatives x j1 , x j2 , . . . , x j k if the condition C1 is not satisfied; and x j k is determined by the relation
for the maximum k where
(the positions of these alternatives are in closeness).
Step 7. End.
V. AN APPROACH TO DIF-MADM UNDER INTERVAL

UNCERTAINTY
Atanassov and Gargov [18] generalized IFS and defined the notion of the interval-valued IFS (IVIFS), which is characterized by a membership function and a non-membership function whose values are intervals rather than exact numbers.
Definition 8: Let X be a fixed set, an IVIFSÃ in X is an object having the form:
, and for every x ∈ X:
Xu and Yager [9] called the triple (μÃ(x),νÃ(x),πÃ(x)) an interval-valued intuitionistic fuzzy number (IVIFN). For convenience, we denote an IVIFN byα = (μα,να,πα), wherẽ Based on the score function [19] and the accuracy function [20] of IVIFNs, we define a method to compare two IVIFNs as follows:
) be the score ofα 1 andα 2 , respectively, and h(
) be the accuracy degree ofã 1 andã 2 , respectively, then:
• if s(α 1 ) < s(α 2 ), thenα 1 is smaller thanα 2 , denoted byα 1 <α 2 ; 
is called the Hamming distance betweenα 1 andα 2 .
From Definitions 5-7, we extend those to the case of IVIFNs.
Definition 11: Let t be a time variable, then we call
] an uncertain intuitionistic fuzzy variable, where
For an uncertain intuitionistic fuzzy variableα
Now we introduce the following operations related to IVIFNs.
Definition 13: Letα(t 1 ),α(t 2 ), . . . ,α(t p ) be a collection of IVIFNs collected at p different periods t k (k = 1, 2, . . . , p), and λ(t) = (λ(t 1 ), λ(t 2 ), . . . , λ(t p )) T be the weight vector of periods t k (k = 1, 2, . . . , p), then we call
an uncertain dynamic intuitionistic fuzzy weighted geometric (UDIFWG) operator, which can be rewritten as follows:
, where λ(t k ) ≥ 0, k = 1, 2, . . . , p, and p k=1 λ(t k ) = 1. Now we consider the DIF-MADM problems under interval uncertainty where all the attribute values are expressed in IVIFNs, which are collected at different periods. The following notations are used to depict the considered problems: Let X, G, w and λ(t) be presented as in Section IV, and letR(t k ) = (r ij (t k )) n×m be an uncertain intuitionistic fuzzy decision matrix of the period t k , wherer
indicates the uncertain degree that the alternative x i should satisfy the attribute
indicates the uncertain degree that the alternative x i should not satisfy the attribute
indicates the range of indeterminacy of the alternative x i to the attribute
Similar to Section IV, a procedure for solving the above problems can be described as follows:
Step 1. Utilize the UDIFWG operator:
to aggregate all the uncertain intuitionistic fuzzy decision
Step 2.
T as the uncertain intuitionistic fuzzy ideal solution (UIFIS), wherẽ α + j = max irij (j = 1, 2, . . . m) are the m largest IVIFNs. Denoteα
Step 3. Utilize (19) to compute the valuesS i andR i for each alternative x i (i = 1, 2, . . . n), which represent the average and the worst group scores of the alternatives x i , respectively, with the relations
• The average scoreS i :
• The worst group scoreR ĩ
Step 4. Compute theQ i values for each alternative x i (i = 1, 2, . . . , n) with the relatioñ
and v ∈ [0, 1] is the weight of decision making strategy of "the majority of attribute" (or "the maximum group utility"). The compromise can be selected with "voting by majority" (v > 0.5), with "consensus" (v = 0.5), with "veto" (v < 0.5).
Step 5. Rank the alternatives by sorting each S, R and Q values in an decreasing order. The result is a set of three ranking lists denoted as S [·] , R [·] and Q [·] .
VI. ILLUSTRATIVE EXAMPLE
In this section, a problem of evaluating university faculty for tenure and promotion (adapted from [21] ) is used to illustrate the developed approach.
A practical use of the proposed approach involves the evaluation of university faculty for tenure and promotion. The attributes at some university are G 1 : teaching, G 2 : research, and T be the weight vector of the attributes G j (j = 1, 2, 3) . Now we utilize the proposed approach to prioritize these faculty candidates:
Step 1. Utilize the DIFWG operator (9) to aggregate all the intuitionistic fuzzy decision matrices R(t k ) into a complex intuitionistic fuzzy decision matrix R (see Table IV ).
Step 2. Determine the IFIS α + , and the alternatives x i (i = 1, 2, 3, 4, 5) by Step 3. Utilize (5) to compute the values S i and R i for each alternative x i (i = 1, 2, . . . n), respectively (see Table  V ). Step 4. Utilize (12)- (14) to calculate the value Q i of each alternative x i (i = 1, 2, 3, 4, 5), selecting v = 0, 0.1, 0.2, . . . , 1 (Table VI) :
Step 5. Rank the alternatives x i (i = 1, 2, 3, 4, 5) (Table  VI) , by sorting each S, R and Q values in decreasing order and then select the alternative x 4 as the best alternative (i.e., it is chosen as compromise solution). 
VII. CONCLUDING REMARKS
In this paper, we have forced on the dynamic intuitionistic fuzzy multiple attribute decision making (DIF-MADM) problems, which occur in many decision areas, such as multi-period investment decision making, medical diagnosis, personal dynamic examination and military system efficiency dynamic evaluation. Some aggregation operators such as the dynamic intuitionistic fuzzy weighted geometric (DIFWG) operator and uncertain dynamic intuitionistic fuzzy weighted geometric (UDIFWG) operator have been proposed to aggregate dynamic or uncertain dynamic intuitionistic fuzzy information. Based on the DIFWG operator and UDIFWG operators respectively, we have developed two approaches for solving the DIF-MADM problems where all the attribute values are expressed in intuitionistic fuzzy numbers or intervalvalued intuitionistic fuzzy numbers. In the approaches, we have extended the VIKOR method to intuitionistic fuzzy environment, and used the extended VIKOR method to rank and select the optimal alternative. To verify the effectiveness and practicality of the developed approaches, we have applied them to evaluate university faculty for tenure and promotion.
